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fiEDl-MKNT  SOUND  SPEED  jrAEASUREMENTS  J^S  JU  FROM  BATHYSCAPH  TR'XSTE 

fc  L4  Ram?V:oc  Cr»d*^  ^190 
ABSTRACT 

of  th«  bRthvsriiph  TR  ESTE  h«i»  *h<s  fc'.rsf.  deep  wt^teT  in  alt-/. 

ime?<».ir«rriifnt«  o\  fc*»e  apee-d  o.f  eot-t  d is  aeu  Sl.oo-’  s^'d'menia  Mother  than  sefamic' 
Me’^uremecite  mr-d^  at  3 oii  S^k  Dsegc  ds’fhsg  Aiagr-fat^Oetober  19^2. 

vva'^'e  ^ depths  frora  1?^  to  i;’,35  «S3?»-.g  sp-erLaUv  designed  probee  which 

a^'i-oci  >i*avei  t'.fne  over  a I mete  e }.8  iftirhea  beJow  the  water  - sed'^mem, 

sA  »Ti?que)CiC?.e8  oi'  2^  Iff  'see  probe  BwCttratv  wae  abov?t  -.'-.O-  S mfsec^ 

"'K  -ffe  add'tj oiatJon*  we>"ft  made  with  the  pirobi»B  ir  s&cd  bottoms  by  scnba 
div>f^  x>  «fcs>Xlow  w»?er  ^ ^ ^ 

'vee^lis  »vd  cor*'lvs'-.ima^  'n  f y erecting,  tahcratorv  m sa Myrernernta  nt  aouad 

flperciff  ’r.  se.dfie.’t*  to  Xu  sih?  o.cadiHofS'fl  'ti  "he  sea  fjocr,  fiTJ  rorre'''tio.'';B  ohovid 

be  oMMi-y  tr:r  tBinpersh’  •.»  ard  p'-essure.  unrug  fabioo  -for  90v>rd  spoed  In  Bca  water 

« ^5  VV'XisorK  1*5^0) ■ Use  of  pfesent  acynd  4p«ed  vs  po^osjty  ourveR  for  h\gh” 

ssdvn\«Ytn  off  3aii  B"og«  (Sh'i-xiiway:  i9fc0  s??i»ws  pr«d?rtios»  jB.*;*!? 

9'.v. '.*d  spcrds  of  lesa  than  1%  error  Prenfr.t  sctnid  speed  ve  porossty  r.wrvee  for 
oat?de  are:  »<>?  rosiefdesed  acr»5.rarfi  *fi»d  a ferttitive  eqwatXoo  is  givee  for 

«a.i>  dfi  pcfclirg  htrther  atiidy  , Sound  apeeda  it?  eedimert  2 lese  thar  in  the 
jjtBi  »bov«  f.bo  hottom  we'*«  meftsu  *««  «f  3 stations  from  the  TR-'ESTE, 
nveB4’gero>'6  shtnv'd  qtiit  trying  to  devise  single  eqvaticKS  and  ottres  that  will  fit 
air  t'vpes  of  aedimerts,  •prob{*hl«  5 to  7 turves  will  be  oeressary  to  desoribe  the 
p*>rpaity  VP  -"ouxid  speed  reia  • onships  t'o<’  ‘‘ommon  sea.  floor  sadlments 


Thin  memorandvm  has  been  prepared  because  it  is  believed  that  the  infor*' 
mation  may  be  useful  in  this  form  eo  others  at  N£L  and  to  a few  persons  or 
activities  outside  o£  NEL.^  and  should  be  presented  in  the  shortest  time  possible 
This  memorandum  should  not  be  construed  as  a report  as  its  orJy  function  is  to 
present  for  the  information  of  others  a small  part  of  the  work  on  NEE  Problem 
E4--l£  a finished  report  will  be  made  or  this  subject  after  the  next  ser^'as  of  dives 
of  the  TRIESTE  (Spring  and  early  Summer  196'^> 

The  writer  appreciates  the  interest  and  skiHfuJ  rooperatior  of 
LCDR  D E Keach  and  ET  G W Martin  who  piloted  the  bathvscaph  TRIESTE 
during  the  dives  noted  in  this  memorandum,  Mr  S-  H-  Abersethy  and 
Mr  J MtOoay  helped  to  keep  the  equipment  going 
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SEDIMEOT  SOUWD  SPEED  MEASUREMllJ'lTS  :i^tDE  ^ cIUl  mm  EAIHY-  'AH:  fH 

£.  L.  Hamilton^  3«a  Floor  Studies  (CcS.i  3190) 

ISTSODUCTXON 

Use  of  the  bathyscaph  TRIESTE^  at  the  Ma-.y  Electronics  i-abcrci  <.>ryj  hzc. 
enabled  mecnbers  of  the  Sea  Floor  Sturiios  Project/:'  tn  loaire  tcvcrsi  types  ji 
in  situ  aeasuTcments  in  sea-floor  sediments.  Using  probos  which  ^-re  jr»i::r;rtcA 
into  the  bottom  sediments  %hsn  the  TRiE?:rE  is  on  or  nsar  tho 
allowed,  for  the  first  time,  so’ind  speed  sttenustion  CiSasvirriniints  ir. 
situ  beyond  the  range  of  depths  of  s frso  divsr.  Durina  tha  July--Occc,bir 
1962  diving  caries  such  aaasureaan cs  s-'sre  »sde  off  Snn  Diego  in  c-atci' 
depths  fror  3.3S  to  1235  icstsr.lPiQu*’®  1). 

The  objoctivee  of  the  program  were  as  follous: 

(1)  To  perform,  for  the  first  time,  desp-water,  situ  acoustic 
measurements  in  sea-flcor  sediments  (other  than  by  aai;;mlc  methods). 

(2)  Use  of  a higher  precision  mossuring  device  thevn  heretofore  used, 
in  order  to  refine  such  ceasuremonts  end  allow  the  study  of  the  etraller 
variable  factors. 

(3)  To  compare  situ  acoustic  measurements  with  those  made  in  tho 
laboratory  tot  (a)  stud"/  techniques  of  correcting  isboratory  values 
to  situ  values,  and  (b)  to  study  disturbencir  to  the  sodimantc  S5dc 
in  the  coring  process. 

(4)  To  study  techniques  of  making  deep-sater  1^  situ  f/;e8.suraBei'<ts 
from  e submersible. 

In  situ  measurements  prior  to  the  present  wera  made  by  diver."?  in 
waters  less  than  100  feet  deep.  (Haffl.llton,  ^ aj,,  195f).  Tn  c-'jt  cases 
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the  errors  inherent  in  these  measuretrsnts  were  larger  than  the  changes  of 
sound  spaed  owing  to  temperature,  pressure,  or  other  soiall  factors.  The 
use  of  the  TRIfcSTc  allowed  situ  measurements  In  deep  water  where  such 
changes  become  significant. 

There  have  been  a number  of  theoretical  and  laboratory  studies  of 
sound  speed  made  on  artificial  sediments  or  models  of  sedimentary  structure, 
but  relatively  little  work  has  been  done  on  "undisturbed"  samples.  This 
is  surprising  in  view  of  the  importance  of  the  subject  to  military  and 
basic  science.  As  a matter  of  fact,  there  have  only  been  about  440  published 
measurements  made  on  cores  of  which  260  were  from  deep-sea  areas,  and  180 
from  continental  shelves  and  slopes.  The  advent  of  free-diving  techniques 
(such  as  with  the  Aqualung)  allowed  studies  to  be  conducted  on  the  sea  floor 
to  depths  of  about  150  feet,  T!»ese  diving  ventures  had  two  advantages;  jTi 
situ  measurements  could  be  made,  and  diver-taken  samples  could  be  returned 
to  the  laboratory  without  being  exposed  to  the  air.  To  date,  41  J.n  situ 
stations  have  been  made,  including  the  presently  reportec'  6 stations 
(Hamilton,  et  al.,  1956).  Diver-taken  samples  have  been  reported  by 
Hamilton,  ejt  al.»  (1956)  and  Shumway  (1956,  1960),  Sound- speed  measur-ements 
on  cores  have  been  published  by  Shumway  (1960),  Sutton,  et  ajL^(i957)  and 
Laughton  (1957).  An  excellent  recent  summary  has  been  published  by  Nafe 
and  Drake  (19C1),  It  would  be  inappropriate,  here,  to  outline  the  theoreti- 
cal, empirical,  and  statisticcl  work  of  the  above,  and  other  papers,  except 
where  it  is  pertinent  to  the  findings  of  this  progress  report. 

As  previously  noted,  one  of  the  major  purposes  of  this  program  was 
(and  will  continue  to  be)  to  study  the  corrections  to  laboratory-determined 
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vwlo^tilv  ard  attcptMitioB  measiuremirntf  in  o»>d»n'  to  relate  them  to  valid  in  eitu 
p**oji«^rti ea  From  a laboratory  »tudv  of  preaa'.xrr  and  velocity  on  one  eample 

19*»7!  and  from  Iheoretlv-al  cnaMideraticDa  It  has  been  assumed  that 
the  pressure  correction  should  be  "about  the  same  as  for  sea  water'‘e  itamely, 
a positive  ^ncrrmeat  to  be  added  to  toe  atmospheric  determination  of  the 
Ubnrsiorv  From  S-JVton,  et  {1957  and,  espec  iaily,  Shwmwav  Jl  960),  the 
temprr’atuse  rorractiune  were  k.ttowr  to  be’hhovt"  the  same  as  for  sea  water  ~ an 
amcAmt  to  be  substracted  from  the  laburatorv  delermination  Shumway 
p ‘iC'i  summarieed  9.XI.  that  was  knovrr  with  the  etatamrrt  that,  in  his  five  samples, 
sound  ’ elorxtv  changes  with  temperatvrffl  at  abo-^t  die  same  rate  as  tor  water  aloreJ 
whi'h  he  .%ttriby/ed  to  the  dom  nant  rol*  plaved  by  ‘Jne  temperature  effect  r-n  water  a 
compressibility  t has  been  stated  ,'Svttrn  et  a1  1957’  ard  is  rommoc  1 

prsct^ice  to  assume,  Ibat  the  temperature  and  pTessi<re  c. orrecttfvns  car»f.el  each 
other  and  that  the  laboratory  determiruitioi:  will  he  wTth;r  1%  of  the  scpposed 
1”  and  corrccrione  need  rot  he  made  ►his  is  only  »rve  tinder 

certain  jj;s,y«n  condstrens.  c.a  will  be  futtber  d so  seed 

Crtod  attceiiatton  measuremet  *s  were  too  feu  to  dinruss  in  thts  progress 
report  ':bev  wlH  be  ir, eluded  in  a fixial  cepori 

F-QU’;PMENT  ANH  METHODS 

n sUu  measurements  were  made  by  us'.rg  a vejoettv  atterimtlon  meter 
prod  seed  for  the  Navy  1 ie'^tron'es  Laboratorv  be  Sc  entific  Servt  .e  Latho-a 
topics  DaUas  Texas  <Shumwsv  end  Hx'  ka bay  < 1961  BrteOv,  the  equipment 
tor aists  ot  three  peoh*s,  ea>:h  1-1/4  inches  ir  diameter,  taster ed  to  a 


rigid  beam  in  such  a manner  chat  when  the  beam  is  on  the  sediment  surface^ 

preset 

the  probes  are  inserted  a variable  depth  into  the  sediment  In  the  pre- 
sently  reported  tests  the  transducers  were  16  inches  into  the  eea  floor. 

A pulse-actuated  maynetostrictive  transducer  is  used  as  a sound  source  and 
barium  titanate  c^'llnders  as  receivers.  The  velocity  is  determined  by 
measurings  with  a decade  counter*  the  travel  time  between  receivers  1 and 

if  rj  vrint/Ar  uifJ  ^as  ZS  . 

2 »dilch  are  1 mater  apart  j fraq^Jencfces-oeed-Wet-&"be%»»efi-g5-aftd 
Absorption  :flossurem<=>ntE  were  made  by  matching  superimposed  oscilloscope 
traces  of  the  signals  from  the  near  and  far  receivers.  These  probes  were 
attached  to  the  bathyscaph  TRIESTE  in  such  a manner  that  when  the  TRIESTE 


was  on  or  near  the  bottom  the  probes  were  inserted^into  the  sediment  (Fig.  2). 

The  true  path  length  botv/een  tha  receiving  probes  v?3s  determined  by 
measuring  the  travel  time  of  sound  bett^'eon  the  receivers*  in  sea  water  of 
known  sound  speed.  The  speed  of  sound  in  the  sea  water  was  known  by  using 
its  temperature*  prassure..  and  salinity*  to  enter  Wilson’s  (19eo)y  tables 
and  by  simultaneous  use  of  a velocimcter  developed  by  the  Lockheed  Missiles 
and  Space  Coi;pany^JSue-l-ientr=ep> -et-a-i-*~i96T-)^  Calibration  indicated  that 
the  ar.ciiracy  of  the  probes  was  approximately  t 0.5  n/sec. 

One  subject  frequently  mentioned  in  discucsiens  of  sea-floor  ^ situ 
T’easurements  isj  "what  amount  of  weight  is  necessary  to  drive  a certain 
dianiater  of  probe  into  the  sediment?".  This*  of  course,  depends  on  the 
shear  strength  of  tl'o  sediment,  friction  parameters  of  the  probe  (pile)- 
sftdioent,  veloci ty  of  probe  entx'ance,  etc.  On  the  first  dive  with  the 
sound-velocity  pvobts  in  the  TRIESTE  It  was  determined  that  the  probes  did 
not  go  ail  the  way  f 16  inches)  into  the  soft  sediment  as  the  TRIESTE  settled 
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to  the  sea  floor.  It  was,  however*  quickly  determined  that  the  TRIESTE  pilot 
could  swing  the  vessel  in  back-and-f orth  motions  so  that  the  probes  could 
be  Tviggled"  into  the  sea  floor  to  full  penetration.  This  is  important,  in 
'hat  such  maneuvering  will  permit  the  use  of  much  larger  diameter  probes,  , 

and  with  reasonable  weights,  in  ail  categories  of  desired  measurements, 
including  sound  speed  and  attenuation.  Use  of  larger  diameter  probes  in 
sound-speed  studies  will  permit  measurements  at  lower  frequencies  which  is 
highly  desirable. 

Small  (2-1/2  "diam. ) corers  were  attached  to  each  end  of  the  probe  frai„e 
so  that  sediment  cores  were  taken  close  to  tbs  area  of  velocity-attenuation  | 

measurements.  Recorders  within  the  bathyscaph  sphere  recorded  the  water 
temperatures  and  depths;  salinity  samples  of  the  bottom  water  were  taken  | 

»/hen  desired.  From  within  the  sphere,  the  observer  could  see  and  photograph 
the  sea  floor,  and  ascertain  the  attitude  ano  penetration  of  the  probes 
into  the  sediment. 

In  the  laboratory,  the  sediments  were  analyzed  using  standard  methods; 
the  following  determinations  were  made;  median  grain  size,  density,  porosity,  ' 
and  percentages  of  sand,  silt,  and  clay.  The  velocity  of  sound  in  the  cored 
sediment  was  measured  by  a pulse  technique  (Shumway  and  Abernethy,  1962), 

The  salinity  of  the  bottom  water  was  determined  by  titration.  It  should  be 
emphasized  that  the  sediments  discussed  here  are  of  the  upper  18  inches  of 
the  sea  floor, 

RESULTS 

Three  dives  in  the  bathyscaph  TRIESTE  in  water  depths  from  330  to 
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( 6-^ as  > ‘^1  57 

12.35  asters  yielded  situ  velocity  measuraaents^  diving  from  snric'.il  boats 
in  conr.?ction  with  tbs  same  velocity-attenuation  probes  gave  three  measure- 

C S4^<-  '7' 

ment-s  in  rear-shors  sand>  environments^^^  In  order  to  employ  a full  depth 
range  of  laboratory  and  ^ situ  determinations  (as  available  to  the  writer), 
laboratory  determinations  of  velocity  made  on  a rsd-clay  core  from  the  sea 
floor  at  the  Mohole  site  (near  Guadalupe  Island  in  3558  zneters  of  water) 
were  compared  to  the  in  situ  values  derived  by  Fry  and  Raitt  (1961)  using 

~(S  k 

seismic  reflection  techniques^^  Thus,  for  purposes  of  this  paper,  we  have 
avsi table  a range  of  sediments  from  water  depths  of  8 to  3358  meters  for 
which  we  have  in  situ  and  laboratory  naeasurements  of  .sound  speed.  Informa- 
tion and  tests  on  these  sediments  are  shown  in  Tables  1,  2 and  3.  Attenua- 
tion w.tll  be  discussed  in  a final  report  (after  more  tests  have  beer.  made). 

DISCUSSION  pm  CONCLUSIONS 

Although  attsmpts  have  been  made  to  derive  theoretical  equations 
for  sound  speed  in  sea-floor  sediments,  none  of  them  are  usable  for 
practical  purposes  because  of  difficulties  which  are  discussed  at  length  by 
Hamilton,  (1956) ; Hamilton,  et  ^1,  (195c);  Sutton,  et  iti,,  (1957);  Laughton, 
(1957)  and  Sh.umway,  (1960).  As  a consequence,  these  previous  investigators 
have  derivoo  empirical  formulass  equations,  and  curves  relating  the  various 
physical  properties  of  sediments  to  sound  speed.  Porosity  has  been  the 
most  usable  property  directly  related  to  sound  speed  and^  given  porosity, 
it  has  been  considered  practical  and  accurate  to  predict  sound  speeds  and 
attenuations  In  Pressure  and  temperature  corrections  may  or  may  not 

be  made  according  to  the  philosophy  of  the  estimator,  and  one  has  a variety 
of  curves  <rid  aqu.itions  to  choose  from  (among  the  various  papers  previously 
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cited).  One  of  the  main  diff ictilties  »sith  most  of  thesft  curves  and  e*4ua- 
tions  le  that  they  attempt  to  show  lntor-rclatlonc;t»ips  beti»:)en  proptrciefi 
l!»  all  types  of  sediments  from  all  depths  and  environffients;  althvTogh  it 
must  be  pointed  out  that  all  of  tliasa  investigators  understand  and  usually 
point  out  that  there  is  no  universally  accurate  equation. 

An  understanding  of  the  structure  of  various  sediments  indicates 
that  there  will  never  be  a universally  valid  eound-Kpeed  aquation  for  all 
sediment  types.  The  two  most  coiamon  structures  in  sediments  are  the  grain- 
to-grain  contacts  cf  the  sandso  and  the  ’’card  house”  structure-  of  the  finer 
si  its  j clays,  and  Hiijttures  of  the  the  clays  have  adsorbed  y/ater  films 

around  the  fins  pa’  tlcieSi  and  it  is  doubtful  if  ths  mineral  grains  in  a 
strict  sense,  touch  at  all  (Lambs  Jlosonqvlst,  lb»;€).  Such  particles 

aup-arentiy  move  within  the  sound  field,  and  also  act  ae  sound  scatterers 
{Urick,  19*^7;  Urick  and  Ament,  1949;  Ament,  1953).  In  a ssparatr  paper 
(Hamilton  and  Moore,  in  prepi".ration) . the  viei?  is  exprecced  i.hat  it  is  pio 
babiy  the  inter-par  tide  forces  (such  as  van  der  ifitoals  and  Cculomi^ic  forces) 
which  hold  and  yield  to  ttw»  s-lastif-  wave.  If  so,  then,  investigators  must 
delve  into  the  clay  and  f iner-part; cle  raireraiogy,  and  depositional  history 
of  the  sediments,  in  order  to  refino  the  presently  understood  acoustic 
properties  cf  ssv-flooi  Eaciir.3nt6. 

iha  soros,  on  th«  other  Land,  have  less  porosity  (i5s«  vater)  and 
definite  jrain-to  jra'n  contacts  ^h-.ch  transir.lt  the  sloctic  sound  pulses 
thi'cuuli  tha  sclidi  of  the  sedlirient  .structurn,  As  a conrs’ciuence,  sound 
speed  l.a  ai*«ay»  higher  in  sanos  than  in  clays. 

Tt  0 cnnclu.slon  then,  Is  that  investigators  should  at  this  tlm^. 


trying  to  dex  ivu  equations  wiiicb  will  apply  to  ail  sediments,  and 
should  break  the  investigations  up  according  to  the  factors  of  sediment 
structure  involving  sound  speed  structural  typOj  mlneralog/t 

strength^,  etc.).  At  this  time  the  following  breakdown  of  the  main  types 
appears  reasonable  (using  rrmenclature  Shepard^  19*54); 

A.  Continental  and  Island  shelves  and  slopes. 

1.  Sards  (msdian  grain  diameter  greater  than  0.062  mni) 

a.  Quartz  sancs. 

b.  Calcareous  sands. 

c.  Volcanic  sands. 

2.  Sandy  coarse  silts  and  silty  E..inds  (may  belong  in  (i)  above, 

3.  fine  silts  and  clays  and  mixtures  of  the  two. 

Be  Deep  sea 

1.  Clay  silty  clay^  and  rlayev'  bill  (sec'irients  with  lest  than 

about  iO'^  Calcium  Carborstej . 

2.  Calcareous  oozss. 


Suttoujet  aj,^(i3‘>7)  have  shewn  that  calcareoup  cioaes  have  a greater 
sound  speed  for  a given  porosity  than  oo  noi-taicareius  cisyit.  Thaso 
investigators  estimate  the  effect  (additive)  tc  no  JC'.l35  ta^''r>ec^/(W'aCO->) 
The  percentages  of  CaCO^  *n  their  samples  clusterfs  around  2955  i 5*?  and 
94*?  t elth  fa"  sainpios  betwjer.  It  would  appear-  from  these  i rta  that 
the  traditional  dividing  line  betixeen  desep-sea  ciay  and  calcareous  ooz-» 

(JO^  CaCO-ji  nay  be  of  consequence.  c.Tso,  in  «ou»id  spsed  studies  hut  this 


matter  needs  oiorf*  investigation.  A f ocam’rif erai  *oo?e"  (the  aio.st  com- 


mon vaiieiy  of  cairareouB  ooze) 


•is  rca.ily  ; .spaciai  type  of  sand  or  sanoy 


oc  par^irliy  lillod,  c-^iclc.r- 


I: 


silt  with  ".grainr''  or  hcllov;,  fl.red 


carbonate..  It  may  he  that  taany  of  thecfe  scd:iu«nts  belong  In  a special 
calcareous-sand*  sound  spaed  curve,  and  should  not  be  inclo'.ed  in  curvos 
and  equations  concerp'jd  vich  dcap-sea,  clay- struct  are  seciincnts. 

Tharu  is  not  yet  enough  data  to  produce  the  family  of  curvet  cal.U.d 
for  cy  the  above  distinctions.  Most  of  the  sadluents  u.'ed  ty  Slv. v....y 
(1960  p„  661)  to  derive  his  curve  worn  frcr.  the  contir.enta)  sh?lf  off  the 
iflfcst  Coast,  although  he  had  other  cocimcnte  from  the  Arctic  and  decp-r.oa. 
At  this  time,  Shuiiiway's  rucva  ap-poars  to  ailo^.’  ro?8onsble  prediction  cf 
in  situ  sound  spaads  for  the  .'lne~  grained  sediments  on  the  con'clnoiitrl 
shelf  and  slope  off  the  V'OEt  Coast  (and,  probably,  her  similar  sediment 
types  in  sitniler  anvirons'onta  fclsswhere}-  F'ending  l-uttiier  istudy  it  should 
also  ba  used  for  Pacific  deep-sea  clays.  This  curve,  however.  nead;>  cor- 
rectio.o  for  the  sands,  as  discusaed  belon. 

LO^Z-VELOCm  PlCr^C.VPiiCK' 

Tiia  fact  ha.$  beerj  well  sstablishad  r.hal  lisny  high-porosity  - fine- 
grained sedimante  have  sound  velocities  isss  v.han  in  th-^  sea  water  jest 
above  the  bottom;  i.a  the  laboratory  by  ll-amilton,  e.t  al,,  (iPi'c)t  Sutton, 
et  al,  (1957);  Laughton,  (1957);  ohumway.,  (iDt^l),  and  in  situ  by  seismic 
studies  and  by  actua.l  xaasuv-snients  at  tha  Navy  ti&ctrcnics  laboratory  by 
diving  (Hamilton,  1956)  and  the  presently  rt>i>ortej  v.’ork  frea  the  'JJIcSn'I,. 
Table  3 illustrates  this  phenomenon  Jn  the  latter  foux  saoiplesi  a\,  ell 
three  THIESTE  in  situ  locations  the  spetd  cf  sound  ia  2.3/5  ’uts  tiwo  in 
the  bottom  water;  et  the  Mcholc  Sltai  S.dS  leas  Th;3:  o In  situ  siosoyic- 
ments  thus,  again  confirm  the  fact  that  the  high- porosity  (greater  than 
about  60j?)  sudlments  have  sounr!  speadt  iocs  th.ara  In  tha  wat.r  ;'uMt  sbeve 
the  OOttOE. 
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should  bt)  made  to  laboratory  detarminaticns,  as  a study  of  Table  4 will 
/wtilj  show.  If  one  has  a measuring  device  which  determines  sound  speed 
within  less  than  1 a/ssc.  (or  even  10  to  Ih  ir/cec.j  Shuroway,  l95^Pi  Sutton, 
ejt  al,  1957),  than  each  correction  should  be  separately  made.  Table  4 
indicates  that  the  conjoined  corrections  for  temperature  and  pressure  vary 
(in  the  realistic  hypothetical  situation  shown)  from  9 ny'^sec  at  a depth  of 
ICX)  meters  to  about  45  meters  per  second  (the  maximum/ around  1000  meters 
depth;  this  amounts  to  a maximum  of  35?.  Careful  .note  should  also  be  made 
of  the  laboratory  temperature  of  the  sediment  at  the  time  of  any  sound- 
velocity  measurements,  Wilson's  tables  indicate  that  variations  in  "room 
temperature"  (say  TC’F  to  05®F)  might  caue  sound  speed  variations  of  as 
much  as  20  n/sec. 

If  one  were  given  the  sediment  cores  taken  by  the  TRIESTE  and  asked 
to  predict  tne  sound  speed,  situ.  In  the  sediments,  the  correct  procedure 
would  be  to  first  determine  the  porosity  of  the  oediment.  Then  enter  the 
curve  of  Figure  3 (from  Shumv'ay,  1960,  p.  661)  and  pick  off  the  sound 
speed  corresponding  to  the  porosity.  Shutrway's  curve  was  an  ampiricai  bast 
fit  for  determinations  made  in  the  laboratory  at  an  average  temperature  of 
22.8*0.  The  next  step  is  to  enter'  tables  for  Sound  Speed  in  Sea 

Water  and  make  the  appropriate  corn  c*  vis  from  one  atmosphere  pressure  and 
2?.8®C  to  the  temperature  and  pressure  situ  as  one  would  do  for  sea  water. 
One  ivould  then  apply  these  corrections  to  the  value  taken  from  the  porosity- 
sound  speed  curve.  This  procedure  was  followed  with  the  presently  reported 

out/  Sj 

sano-les  and  results  are  indicated  in  Table  2.  both  for  values  taken  from 

d 

the  curve  and  corrected,  as  above,  and  actual  in  situ  measurements  taken 
from  the  TRIESTE.  For  the  three  f ine-grainf’d  s'd'mcnts,  the  errors  of  '.he 

11 


T 


it 

r 


preclictioniviould  h-sve  bean  13^  0,  and  2ts/sec,;  the  average  error  for  the 
three  sta  tions  being  5 n/sec-  or  5bo«t  0.3JS. 

Sample  No.  7 is  from  a red-clay  core  from  the  sea  floor  at  the  Mohoie 
Drilllny  Sits  off  Guadalupe  Island  in  3558  meters  of  ivater.  Using  the 
laboratory-determined  porosity  tc  enter  the  porosity-velocity  curve 

(Figure  3)»  and  then  applying  the  temperature  and  pressure  corrections 

syi  ’sc-r<'£ 

from  ' Tables  yields  an  estimated  situ  value  for  sound  speed  of 

1477  n^/sec.  Fry  and  Raitt^.  (1961)  , using  a reflection  technique.-  have 
reported  an  in  situ  value  of  1481  ny'sec.a  a difference  from  the  estimate 
of  4 !i/sec.  which  is  consistent  with  the  differences  noted  from  the 
TRIESTE  observations. 

Sound  ^poed-g  determined  with  the  TRIESTE  velocity-attenuation  probes 
in  near'Shore  sancy  bottoms  by  diving  from  a small  boat  show  significant 
differences  from  Shumway's  curve„  The  writer  has  corrected  ail  of  Shumway’s 
values  of  sound  speed  for  sand  to  a common  temperature  (22.8*’C{  Shumway’s 
average)  and  has  plotted  them  together  with  Shumwsy's  curve  (Figure  4),  As 
can  be  readily  seen,  the  curve  does  not  describe  the  porosity-velocity  re- 
lationship properly;  the  curve  is  loo  far  to  the  right,  or  .in  the  direction 
of  lower  porosities.  When  the  Jni  eitu  measurements  of  the  present  study 
are  plotted  on  the  figure,  they  too,  fall  to  the  left  of  the  curve.  In 
other  words,  the  curve  of  Shuniway’s  F.quation  7 (Shumway,  i960,  p.  661) 
adequately  shows  norosity-sound-speed  relationships  in  the  high  porosity, 
fine-grained  sediments  studied  so  far,  but  does  not  properly  define  the 
porosl'cy-sound-speed  relationship  of  sands  (at  least  the  sands  off  San  Diego) c 
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It  oppoars  a new  relationship  should  be  derived  for  these  near-shore 

sands . 


Pie  present  measuring  capabilities  of  the  TRIESTE  sound  velocity 
probes  viill  permit  accurate  in  situ  measurements  in  the  near-shore  sands 
ard  villi  permif-  the  establishment  of  a more  accurate  relationship  between 
sound  speed  and  porosity  than  heretofore  derived.  Almost  all  natural  sands 
fail  within  ^he  porosity  range  of  355E  to  5056.  Within  this  porosity  range- 
theoretical  and  empirical  studies  indicate  an  almost  linear  relationship 
between  sound  speed  and  porosity.  Computing  a linear  least-squares  line 
fcv  sandSj  using  the  best  data  available  from  Shumway's  work^  plus  the 
three  s tar  ions  established  with  the  TRIESTE  probes,  indicates  the  following 
relationsbipt 

Sound  speed,  Km,^sec,  ii^22.8'C  ” 2.362  - i.568n, 

where  "n”  is  the  porosity  of  the  sediment  expressed 
as  a fraction  of  the  total  volume.  This  line  is 
plotted  in  I-igurs  4. 

it  is  sjiggestec  that  the  above  equation  be  used  for  estimating  sound 
speeds  in  eea-floor  surficiai  quartz  sands  which  are  loose  aggregates 
(i..5.i  exhibit  no  cemantation  between  the  grains).  Further  careful  measure- 
ments ij2  t itu  from  the  TRIESTE  and  from  small  boatSs  and  in  the  laboratory, 
will  be  necessary  before  a better  relationship  can  be  established  which  will 
involve  ti'e  dynamic  rigidity,  compressibility,  and  density  of  the  sands. 

Work  planned  for  the  next  two  diving  series  of  the  TRIESTE  in  the 
Spring  anc  Sj.nner  of  1963  should  allow  the  presentation  of  revised  sound 
speed-porosity  curves  for  high- porosity  continental  shelf  and  deep-sea 
sediments,  as  KelJ  as  fe.r  near-shore  sands;  pending  such  revisions  It  is 
suggests'  t;'.-f  "huTwiiV ' s curve  bn  used  for  Pacific  sedlrowpts  with  porocities 
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greater  than  50%,  but  that  the  empirical  relationship  ehotw'i  above  be  used 
for  near-shore  quartz  sands.  These  curves  (figures  3 and  4)  are  plotted 
with  data  for  a common  te;.’perature  of  22.e®C  and  1 atmosphere  of  pressure; 
full,  and  separate,  corrections  for  temperature  and  pressure  should  bo 
made  for  Jri  situ  conditions  using  hiiison’s  Tables  for  Sound  Speed  in  Sea 
Water  (IQtOa). 
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TABU  1 


FropurtieB  of  sodiioents 


Sta. 

(i) 

iAater 

0«pth 

(m) 

Sedliuent 

Typo 

Med 

Gr.  Dlam, 
(nsTs) 

Density 

(gr/cc) 

Porosity 

w 

Send 

(%) 

Silt 

(») 

Clay 

(*) 

X 

8 

Fine  Sa».d 

0.25 

1.99 

43.7 

100.0 

2 

9 

Fine  S»nd 

0,16 

1.97 

43. e 

100.0 

3 

11 

Wad.  Sand 

0.26 

1.96 

4A.e 

100.0 

4 

33fi 

Sand>'  silt 

0.05 

1.65 

65.0 

29.0 

55,8 

15.2 

5 

951 

Clay,  silt 

0,009 

1.38 

86.7 

2.7 

63.6 

33.7 

6 

1235 

Clay,  silt 

0.008 

1,34 

85.5 

2.5 

63.0 

34.5 

7 

3538 

Silty  clay 

0.003 

1.51 

80.9 

0.0 

44,3 

55,7 

Not*<»t 

(i)  Aii  off  San  Dlago  (^ea  Flgura  1)  excapt  No.  7 (at  Mohcle  Guadalupe 

Sitej  Lat.  28"  f>&*  N.,  i-Aig.  117“  X'  W.).  St&o  4 is  TRi:STE;  Dive  ?o,  106, 
Strtj  6-D1v«  1X2,  Sta.  6- Diva  lo9i 


TABLE  2.  Sound  «pearis  in  sediment  (ay'aec; 


Sta, 

laboratory 

(i) 

Corrected 

(?) 

In  situ 

LaE.  Measured 
(3) 

In  situ  minus 
corr.  lab. 

1 

1647 

1636 

1673. Oa 

37 

2 

1649 

1619 

16*9.83 

21 

3 

1633 

1613 

1621,1® 

8 

4 

1509 

1473 

1459.7^’ 

-13 

5 

1495 

1449 

1449,4^’ 

0 

6 

1494 

1449 

1450.7^ 

? 

7 

1490 

147? 

1481  = 

4 

Nctesi 

(1)  Using  rneasored  pcrosity  to  enter  sound  speed  curve  of 
Shoasway  "Equation  (19f)0,  p.  661)  s also  Figure  2, 
this  p-»per. 

(2)  Laboratory  values  froo  curve  (aae  Note  1),  corrected  for 
temperature  and  pressute  to  in  situ  conditions  {ste  text), 

(3)  Sound  speed  caeasured  in  situ? 

*a"  by  free  diving  using^t^ifcSTL  probes. 

"b"  froffl  bathyscaph  TRILCTL. 

"c"  from  seismic  reflection  (Try  and  Ralttf  1961), 


.U-l 


TABLh  3.  In  situ  rdtiois  of  soumi  spsvsae  (ssaiment/bottoin  watei) 


Sound  speed/  nj/sec.  Ratio  speeds 


Gca. 

Btm.  water 

Sediment 

sed./btm. 

1 

1503.5 

1673.0 

1.113 

2 

1496.0 

1639.8 

1.096 

3 

1507.7 

1621,1 

1.075 

4 

1494.5 

1459.7 

0.977 

S 

1483.1 

1449.4 

0.977 

t 

1484.2 

i45C>.7 

0.97/ 

7 

1517 

1481 

0.976 

T/^SLt  4.  Corrections  to  sountf  speeds  in  sediment  and  in  sea  «iater  owing  to 
terr.peraturo  and  pressure  (hypothetical  case). 


Depth  Temp.^^'  Pressure'^'  Sound  Speed  Corrections^^^,  (n/sec.) 


(m) 

(*c) 

(Kst/ce^) 

£k>p 

iCystp 

Total 

*(4) 

0 

21.8 

i.C.3 

100 

18.7 

11.32 

-11.09 

+ 

1.66 

-0.01 

-9.4 

0.6 

200 

i4.3 

21.61 

-24.48 

❖ 

3<.31 

c-0.04 

-21.2 

1.4 

400 

9.0 

42.20 

-42.85 

6,.  63 

-0.07 

-36.3 

2,4 

600 

6.4 

62.61 

-52.61 

10  12 

-0.09 

-42.8 

2.9 

800 

5,1 

83.44 

-58.04 

13.46 

-0.10 

-44.7 

3,0 

1000 

4^3 

104.09 

-61.35 

■f 

16.  S3 

-0.11 

-44.6 

3.0 

1200 

3,5 

124.75 

-64.71 

20.19 

-0.,12 

-44.6 

3.C. 

1600 

2,6 

166.15 

-68.58 

<v 

26.97 

-0.12 

-41.7 

2.8 

2000 

2.2 

207.61 

-70.33 

i 

33.80 

-0.14 

-36  7 

2. 4 

3000 

1.7 

311.60 

-72.54 

V 

51  09 

-0.18 

-21.6 

1.4 

4000 

1.5 

416.04 

<.7,3.43 

68.70 

-0.24 

- 5.0 

0,3 

«300 

1.5 

626  ,.26 

-73.43 

1 

10^. 87 

-0.44 

■*.,31.0 

2 ’ 

Notes* 

(1)  Tyoicai  of  *53rific  Ocean,  Let,  40*N,  to  40*  Sj 
DeFant,  1961,  y.,  I,  p.  116-153. 

(2)  Wilson,  Table  IX  ( for  3 35.00pptf  T 0*Cj 

g • 960,665*  cny'se “/sec. ) . 

(.3)  From  Wilson,  i960:  assuming  salinity  of  35.00  ppt  and 
correcting  for  tomperatura  and  pressure  shown. 

(4)  To  a sediment  sound  speed  detjrmined  at  22.8“C  and 
1 atmospheve  pressure;  % correction  assuming  sediment 
speed  was  1500  a^/sac,  salinity  35,00ppt. 


Figure  2»  a*  Velocity-attenuation  probes  attached  to  TRIESTE  (sphere 
with  window  to  right)  in  "dry  dock"* 


Figure  2*  b»  Diagram  of  TRIESTE  on  the  sea  floor  with  probes  in  the 
sediment* 
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• Sound  spoed  vs  porosity  for  soire  shsllow-wstor  ssnds  off  San 
Dlego>  Straight  line  relationship  in  tentative  ponding  more 
study  (seo  text)#  fine  end  irediur.  sands  lotwosn  tlio  porosity 
and  soiind-spood  rungos  sliown  arc  only  values  oots] lured* 


